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We study the low-energy surface electronic structure of the transition-metal dichalcogenide su-
perconductor PdTe2 by spin- and angle-resolved photoemission, scanning tunneling microscopy, and
density-functional theory-based supercell calculations. Comparing PdTe2 with its sister compound
PtSe2, we demonstrate how enhanced inter-layer hopping in the Te-based material drives a band
inversion within the anti-bonding p-orbital manifold well above the Fermi level. We show how this
mediates spin-polarised topological surface states which form rich multi-valley Fermi surfaces with
complex spin textures. Scanning tunneling spectroscopy reveals type-II superconductivity at the
surface, and moreover shows no evidence for an unconventional component of its superconducting
order parameter, despite the presence of topological surface states.
There has long been interest in systems where spin-
polarised electronic states co-exist with superconductiv-
ity [1–6]. This is thought as a promising route to gen-
erating a spin-triplet component of the superconducting
order parameter, and to realise topological superconduc-
tors which host Majorana zero modes at their bound-
aries or in vortex cores [4, 6]. Such conditions are pro-
posed to be realised if superconductivity can be induced
in the spin-momentum locked surface states of materials
hosting non-trivial bulk band topology. There have been
extensive e↵orts to achieve proximity-coupled supercon-
ductivity in topological surface states by interfacing with
conventional superconductors [7–11] as well as to induce
superconductivity by extrinsic doping of bulk topological
insulators [12–14]. The latter approach, however, often
su↵ers from the di culty of achieving high superconduct-
ing volume fractions [12, 15], motivating the search for
materials which host topologically non-trivial states and
are simultaneously robust superconductors.
In this Letter, we demonstrate that pristine PdTe2,
an intrinsic bulk superconductor (Tc ⇡ 1.7 K) [16–
18], hosts topological surface states which intersect the
Fermi level. We demonstrate, from spin- and angle-
resolved photoemission spectroscopy (spin-ARPES) and
density-functional theory (DFT), that these form com-
plex multi-pocket Fermi surfaces with intricate spin tex-
tures. Nonetheless, tunneling measurements into the sur-
face layer from scanning tunneling microscopy and spec-
troscopy (STM/STS) indicate the superconductivity at
the surface is of a conventional s-wave form consistent
with Bardeen-Cooper-Schrie↵er (BCS) theory.
Single-crystal PdTe2 and PtSe2 samples (space group:
P 3¯m1) were cleaved in situ at temperatures of ⇠ 10 K.
Spin-resolved ARPES measurements were performed at
the APE beamline of Elettra Sincrotrone Trieste us-
ing a Scienta DA30 analyser fitted with very low en-
ergy electron di↵raction (VLEED) based spin polarime-
ters [19]. Spin-integrated measurements were performed
at the I05 beamline of Diamond Light Source using a
Scienta R4000 hemispherical analyser [20]. p-polarised
light and a measurement temperature of 5-15 K was
used throughout. STM measurements were performed
using a home-built system operating in cryogenic vac-
uum [21, 22]. Measurements were performed in a mag-
netic field up to 1T, and the sample temperature was held
constant at ⇠40 mK (superconducting state) or 8 K (nor-
mal state). STM tips were cut from a platinum/iridium
wire. Bias voltages were applied to the sample with the
tip at virtual ground. Di↵erential conductance spectra
were recorded through a standard lock-in technique with
frequency f = 437 Hz. A superconducting tip was ob-
tained by collecting a small piece of the sample at its
apex. Fully-relativistic DFT calculations were performed
using the Perdew-Burke-Ernzerhof exchange-correlation
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FIG. 1. (a) ARPES Fermi surface of PdTe2 (EF ± 5 meV; h⌫ = 107 eV; p-pol, probing close to an A-plane along kz). (b)
In-plane dispersion along the   M direction (h⌫ = 24 eV, probing a similar kz value as in (a)). (c) Corresponding supercell
calculations of the dispersion over an extended energy range, projected onto the top two unit cells of PdTe2. (d) Out-of-plane
bulk band dispersions along the   A direction of the Brillouin zone from DFT calculations, projected onto the chalcogen px,y
(red) and pz (cyan) orbitals. (e-h) Equivalent measurements and calculations for PtSe2 (ARPES measurements: h⌫ = 107 eV;
p-pol). Topological surface states (TSS), bulk Dirac points (BDP), and inverted band gaps (IBG) are labeled.
functional as implemented in the WIEN2K program [23],
using a 20⇥20⇥20 k-mesh. To calculate the surface elec-
tronic structure, tight binding supercells containing 100
formula units of PdTe2 or PtSe2 stacked along the crys-
talline c-direction were constructed from the bulk DFT
calculations using maximally localized Wannier functions
with chalcogen p-orbitals and transition-metal d-orbitals
as the projection centres [24–26].
The electronic structure of PdTe2, as well as its sis-
ter compound PtSe2, are summarised in Fig. 1. While
the Pd/Pt d states retain a fully-filled configuration, and
are thus located well below the Fermi level [27], a con-
ducting state is obtained due to an energetic overlap of
predominantly Te/Se-derived bonding and anti-bonding
states [28]. In PdTe2, this leads to a complex multi-band
Fermi surface (Fig. 1(a)). Strong inter-layer interactions
for the chalcogen-derived states render this Fermi surface
three-dimensional, despite the layered nature of this com-
pound. Many of the observed spectral features are there-
fore di↵use in our measured Fermi surface from ARPES,
reflecting the inherent surface sensitivity, and thus poor
kz resolution, of photoemission. Similarly broad features,
including a recently-identified type-II bulk Dirac cone
[29, 30] centered at E   EF =  0.65 eV, can also be
seen in our measured dispersions (Fig. 1(b)) as well as in
our supercell calculations where bulk bands at di↵erent
kz values are projected onto the surface plane (Fig. 1(c).
A number of much sharper features are also observed.
A Dirac cone situated ⇠ 1.75 eV below the Fermi level
is clearly evident in our ARPES. This has recently
been identified as a topological surface state in PdTe2
and related compounds [29, 31–34]. This arises from
a band inversion that occurs within the Te p-orbital
manifold, and is induced by a naturally disparate out-
of-plane dispersion of pz and px/y-derived bands along
kz (Fig. 1(d)) [29]. This same mechanism drives the
formation of both the type-II bulk Dirac cone and a
further topological surface state located ⇠ 1 eV below
EF , that is visible in our supercell calculations presented
here (Fig. 1(c)) and is clearly resolved experimentally in
Ref. [29]. These topological states, however, are too far
below the Fermi level to play any role in the superconduc-
tivity of this system. On the other hand, our measure-
ments (Fig. 1(b), see inset) and calculations (Fig. 1(c))
reveal an additional pair of sharp spectral features which
intersect the Fermi level approximately mid-way along
the   M direction. These have negligible dispersion in
the out-of-plane direction (Supplementary Fig. S1 [35]),
and we thus assign them as surface states.
Their origin is evident from the calculated bulk band
structure shown along the out-of-plane direction in
Fig. 1(d). In PdTe2, the inter-layer hopping between
pz orbitals in neighbouring layers is su ciently high that
the pz-derived band crosses through both the bonding
3and anti-bonding px/y-derived bands (lower and upper
pair, respectively, of the red coloured bands in Fig. 1(d))
as they disperse along the kz direction. A protected bulk
Dirac point and an inverted band gap with non-trivial Z2
topological order are therefore generated above the Fermi
level. The inverted band gap above EF should give rise
to topological surface states. While this band inversion
is ⇠1 eV above the Fermi level along   A, the in-plane
bandwidths are large, and the relevant band inversion can
be traced to the bulk states in the vicinity of the Fermi
level at the time-reversal invariant M-point. Here, the
pair exchange arising from the bulk boundary correspon-
dence of topological surface states [36, 37] enforces that
the dispersion of the topological surface states are pulled
down towards the Fermi level. Experimentally, we find
that both the “upper” (labeled ↵) and “lower” (labeled
 ) branch of the topological state cross EF (Fig. 1(b,
inset)), although the occupied bandwidth of the ↵-band
along this direction is small (⇡ 20 meV).
To validate the above picture, we compare PdTe2 with
its sister compound PtSe2. The occupied electronic
structure is similar to PdTe2, hosting a type-II bulk
Dirac cone and a pair of topological surface states be-
low EF (Fig. 1(f,h)). These arise from the crossing of
the Se pz-derived band with the bonding Se px/y bands
(Fig. 1(e)) [29, 32]. The bandwidth of the Se pz-derived
band is, however, much smaller than that of the Te-
derived one owing to the higher electronegativity of Se
than Te. This leads to a stronger metal-chalcogen bond,
and therefore weaker interlayer hopping in PtSe2. Cru-
cially, although a semi-metallic ground state still occurs
(Fig. 1(g)), the upper and lower branches of Se-derived
states remain completely separable in PtSe2. The band
inversions above EF that occur for PdTe2 are therefore
absent in this compound (Fig. 1(e-h)).
Figure 2 shows the Fermi surfaces formed by the topo-
logical states which intersect the Fermi level in the Te-
based material. The ↵ band forms a small approximately
circular electron pocket, located approximately midway
along    M. This electron pocket rapidly shrinks and
then vanishes in constant energy slices taken below the
Fermi level (Fig. 2(b)), reflecting the narrow occupied
bandwidth of this band along     M. However, this is
only a local minimum of the surface state dispersion lo-
cated within a narrow projected bulk band gap along
this direction (see Fig. 2(e,f); further cuts are shown in
Supplemental Fig. S2 [35]). The band disperses upwards
above the Fermi level along the direction perpendicular to
  M before turning over again to form the intense rim of
spectral weight that borders the three-dimensional bulk
bands that are evident as di↵use filled-in spectral weight
spanning out away from the   M line in Fig. 2(b). With
increasing momentum away from this line, these surface
states become degenerate with the bulk bands, and ulti-
mately lose all spectral weight. They thus appear to form
open-ended arc-like features. We stress that these are not
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FIG. 2. (a) Three-component spin-resolved ARPES Fermi
surface measured (h⌫ = 24eV ) over the range shown in
(b). Here hSxi and hSyi are perpendicular to and along the
    M direction, respectively. hSzi is the out-of-plane spin
component. (b) Near-EF Constant energy contours mea-
sured from spin-integrated ARPES (h⌫ = 24eV ) over the
portion of the surface Brillouin zone where the topological
states reside. (c) Schematic representation of the global
Fermi surface spin texture throughout the surface Brillouin
zone that is deduced from our measurements. (d) The in-
plane spin texture (arrows) determined directly from the spin-
resolved measurements and shown atop the measured spin-
integrated Fermi surface segment. (e) ARPES-measured dis-
persion (h⌫ = 24 eV) and (f) corresponding supercell cal-
culation, cutting through the TSS Fermi surfaces along the
dashed line indicated in (b). kz-dependent bulk band calcu-
lations are overlaid in (e) and visible as di↵use spectral weight
in (f), demonstrating how small projected band gaps control
the dispersion of the TSS (see also Supplemental Fig. S2 [35]).
Fermi arcs of the form discussed extensively as spanning
surface projections of bulk Dirac andWeyl points [38–46].
Instead, they reflect the small projected bulk band gaps
here (Fig. 2(b) and Supplemental Fig. S2 [35]), with the
surface states merging into the bulk continuum as they
disperse away from the high-symmetry line. As these sur-
face features derive from the same state as the ↵ pocket,
we label them ↵0 in Fig. 2.
4The small projected band gaps of the bulk spectrum
thus leads to only small momentum space regions cen-
tered along the     M directions in which the surface
states are well defined. This results in a rich multi-valley
Fermi surface (Fig. 1(a)), far removed from the generic
isolated near-circular Fermi surfaces of topological sur-
face states in, e.g., Bi2Se3 class topological insulators.
Nonetheless, we show in Fig. 2 that the Fermi surfaces
observed here still maintain a spin texture reminiscent of
the simple chirality of a conventional topological surface
state.
Our spin-ARPES measurements reveal that the sur-
face states host a strong spin polarisation (> 70% from
fits to energy distribution curves (EDCs); Supplemental
Fig. S3 [35]). Along   M, the chiral hSxi (perpendicular
to   M) spin component is dominant (Fig. 2(a)), consis-
tent with the underlying trigonal symmetry of the crystal
surface. The ↵ and   bands have opposite spin polarisa-
tion, supporting their assignment as the two branches of
a topological surface state. Both Fermi crossings of the
↵ band along     M have the same sign of hSxi. The
spin, therefore, does not wind around the closed circu-
lar ↵-band Fermi surface. Instead, it develops a finite
hSyi (parallel to    M) component of opposite sign on
the two sides of the high-symmetry     M line, cant-
ing the spin towards the Brillouin zone boundary in the
in-plane direction. Similarly, the two ↵0-bands have the
same sign of hSxi but opposite sign of hSyi, as shown ex-
tracted from our experimental spin-polarised Fermi sur-
face maps in Fig. 2(d). The overall result is a Fermi sur-
face spin-texture of the ↵-derived Fermi surfaces that has
a global chiral winding around the Brillouin zone centre,
but with a significant radial component developing away
from the     M line (Fig. 2(c)), similar to what might
be expected for a more conventional topological surface
state if it develops a hexagonal warping away from cir-
cular geometry [47, 48]. While at the Fermi level only
the chiral component of the  -band is visible, similar ra-
dial components, as well as an out-of-plane spin canting,
develop for its highly-fragmented surface state contours
below EF (Supplemental Fig. S4 [35]).
These findings raise an exciting prospect to investi-
gate how such topological states, with their complex
Fermi surface spin textures, interplay with the bulk su-
perconductivity of PdTe2. To this end, we investigate the
superconductivity at the surface using low-temperature
STM (Fig. 3). Our measured tunneling spectra at 8 K
(Fig. 3(b)) reveal two pronounced peaks in the local den-
sity of states centered at approximately -10 meV and
-130 meV. These are in excellent agreement with the
positions of clear peaks in the density of states arising
from the van Hove singularities of the ↵ and   TSS
bands, evident in our angle-integrated ARPES spectra
(Fig. 3(b)). Such features remain in our STS measure-
ments upon cooling (Fig. 3(b)), indicating the persistence
of the Fermi-level TSSs observed here into the supercon-
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FIG. 3. (a) Surface topography of PdTe2 measured at T =
8 K from a 8.5 ⇥ 8.5 nm2 region (Bias voltage: V = 10 mV,
Tunneling current set-point: I = 0.4 nA). (b) ARPES spectra
(top; T = 5 K, h⌫ = 24 eV, integrated along the   M direc-
tion of the Brillouin zone) and di↵erential conductance spec-
tra measured using STM at T = 8 K (middle) and T = 40 mK
(bottom). (c) Low-energy spectra measured at 40 mK and
performed with a normal (N, top) and superconducting (S,
bottom) tip. The NS-junction (SS-junction) spectra are av-
eraged over a 5.4 x 5.4 nm2 (10⇥10 nm2) area and are nor-
malised to the conductance at 0.6 mV. The dashed lines show
the result of Dynes fits, incorporating thermal broadening of
100 mK [21]. For the NS-junction, a lock-in amplitude of
25 µV was used, with the fit yielding a sample superconduct-
ing gap size of   = 215 µV with a Dynes broadening parame-
ter of   = 65 µV. For the SS-junction, a lock-in amplitude of
30 µV was used with Dynes broadenings of 18 µV and 4 µV
for sample and tip respectively. The obtained superconduct-
ing gap of the sample and tip is 240 µV. (d) Radially averaged
decay of zero bias conductance (ZBC) with distance (R) from
the centre of a vortex core, measured with a superconduct-
ing tip in a magnetic field of 7±2 mT. The inset shows the
real-space image of the vortex via its enhanced ZBC. (e) The
radial dependence of the full superconducting gap structure
with distance from the centre of the vortex core, obtained
using V=8 mV, I=0.4 nA and a lock in amplitude of 30 µV.
ducting state. Despite this, our low-temperature tunnel-
ing spectra (Fig. 3(c)) reveal a clearly-resolved U-shaped
superconducting gap, indicating nodeless superconduc-
tivity. This is well described by a Dynes model fit, indi-
cating a fully-gapped state with a superconducting gap
size   = 215 ± 2 µV. This gives a ratio  /kbTc ⇡ 1.5,
comparable to the BCS prediction. A slight underestima-
tion of the Dynes fit to the measured spectra at higher
bias voltages may suggest a small anisotropy of the su-
5perconducting gap. Crucially, however, there is no evi-
dence of nodes in the superconducting order parameter
or of in-gap states. Similar conclusions can be drawn
from measurements performed using a superconducting
tip (Fig. 3(c)), where again a clear lack of any zero-energy
bound states is evident.
Measuring the collapse of the superconducting gap in
a magnetic field applied normal to the sample surface
(see Supplemental Fig. 5 [35] for a detailed description),
we estimate an upper critical field, H?c2 ⇡ 20 mT. This
is consistent with the upper critical field of the bulk su-
perconducting state as judged from susceptibility mea-
surements [49]. Intriguingly, the bulk superconductiv-
ity in PdTe2 has recently been reported to be of type
I character [49]. We have, however, observed a vortex
core in our STM measurements in a magnetic field of
7±2 mT (Fig. 3(d)), indicating that the superconductiv-
ity we probe is of type-II character.
From the measured decay length of the vortex core of
175±67 nm (Fig. 3(d)), this would suggest an upper crit-
ical field of Hc2 ⇡ 11 mT for a BCS superconductor, as-
suming a one-to-one correspondence of the measured de-
cay length to the coherence length. This is in reasonable
agreement with our measured value of the surface upper
critical field. Finally, we note that scanning tunneling
spectroscopy performed as a function of distance away
from the centre of the vortex core (Fig. 3(e)) again yields
no evidence for the presence of zero-energy bound states.
Taken together, these results demonstrate that the sur-
face of PdTe2 supports a conventional fully-gapped s-
wave superconducting state, well described by BCS the-
ory. This co-exists with well-defined topologically non-
trivial surface states, with complex multi-component and
multi-valley Fermi surfaces and rich vorticial spin tex-
tures.
The complexity of the surface Fermi surface, as well as
the presence of numerous bulk states degenerate in en-
ergy but at di↵erent in-plane momenta, may ultimately
explain why the dominant superconducting pairing re-
mains topologically trivial at the surface. In any case,
our results clearly demonstrate that the presence of topo-
logically non-trivial states at the Fermi level is not a
su cient criterion to realise topological superconductiv-
ity. Beyond this, our findings highlight the importance
of kz-dependent band inversions within a single orbital
manifold for generating topological surface states with
rich and complex surface Fermi surfaces. Moreover, they
demonstrate how these can be e↵ectively tuned by vary-
ing interlayer hopping strengths, paving the way to the
design of new topological materials.
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2Photon energy-dependent ARPES
To verify the dimensionality of both surface and bulk states in PdTe2 and PtSe2, we show in Supplemental Fig. S1
kz dispersions of both compounds obtained from photon-energy dependent ARPES. To determine the out-of-plane
momentum probed, we employ a free electron final state model
kz =
1
~
p
2me(V0 + Ek cos2 ✓), (1)
where ✓ is the in-plane emission angle, Ek is the photo-electron kinetic energy and V0 is the inner potential. We find
best agreement to density-functional theory calculations taking a c-axis lattice constant of 5.13 A˚ 1 (5.09 A˚ 1) for
PdTe2 (PtSe2) and an inner potential of 16 eV for both compounds.
The states labeled as TSS in PdTe2 do not disperse with changing photon energy (i.e., they have no kz dispersion),
consistent with their assignment as topological surface states. Conversely, the conduction band in PtSe2 shows
significant dispersion, hence demonstrating the three-dimensional bulk nature of this electron pocket at the Fermi
level.
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FIG. S1. (a) Measured dispersion of PdTe2 along    M. The vertical line indicates the selected energy-distribution curve
(EDC) which is shown as a function of kz spanning multiple Brilouin zones in (b). (c,d) Equivalent (c) in-plane and (d)
out-of-plane dispersions for PtSe2.
3Detailed band dispersion of Fermi-level topological surface states
Supplemental Fig. S2 clarifies how the topological surface states, appearing as sharp features in our measured spectra,
emerge out of the bulk band continuum. The three-dimensional bulk bands are visible in our ARPES as di↵use spectral
weight (Supplemental Fig. S2(b)), due to the surface-sensitivity, and hence poor kz-resolution, of ARPES. Overlaid
kz-dependent bulk DFT calculations (Supplemental Fig. S2(a)) confirm how the surface states are well defined and
clearly resolved only in the projected bulk band gaps. Thus, the projected bulk band gaps can be considered to shape
the dispersions of the surface states, even causing the upwards dispersion of the ↵ band very close to the Brillouin
zone centre to turn over and disperse back below the Fermi level, before it disperses upwards again to form the ↵0
bands as evident in our surface supercell calculations shown in Supplemental Fig. S2(c).
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FIG. S2. (a) Measured dispersions along a line perpendicular (parallel) to   M (  K), at varying positions along   M (see
inset). Density functional theory calculations (scaled by a factor of 1.08) are overlaid with colours corresponding to di↵erent
kz values (kz = 0: purple, kz = ⇡/c: green). (b) Equivalent band dispersions without DFT calculations, more clearly showing
the experimental data. A photon energy of 24eV, corresponding to an A-plane, is used for the ARPES measurements. (c)
Equivalent energy dispersions as obtained from surface slab calculations (no energy scaling is applied here), projected onto the
topmost unit cell of the supercell.
4Spin-resolved ARPES of PdTe2
To confirm the spin textures evident in the spin-resolved Fermi surface maps shown in Fig. 2(a) of the main text,
we also performed a series of spin-resolved energy distribution curves, as shown in Supplemental Fig. S3. The spin-
resolved EDCs were determined as
I",#i =
Itoti (1± Pi)
2
. (2)
where i = {x, y, z}, I",#i is the spin-resolved intensity, Pi is the spin polarisation, calculated as
Pi =
I+i   I i
S(Itoti )
, (3)
S is the relevant Sherman function for the detector in use, and Itoti = I
+
i + I
 
i where I
±
i is the measured intensity
profile for a positively or negatively magnetised detector, corrected by a relative e ciency calibration determined
from the portions of the EDCs corresponding to unpolarised di↵use background intensity. Multiple VLEED targets
were used through the course of this study, with Sherman functions determined to be between S = 0.2 and S = 0.43
from comparison measurements on the Rashba-split surface states of Au(111). The signs and magnitudes of all spin
polarisations evident from these EDCs are in good agreement with the spin-resolved Fermi surface shown in Fig. 2
of the main text as well as spin-resolved constant energy contours at higher binding energy shown in Supplemental
Fig. S4.
This measurement mode also facilites more quantitative analysis. For this, the raw EDCs (i.e., before correcting
for the Sherman function) were fit to Lorentzian peaks with a Gaussian broadening of 50 meV applied to account for
finite experimental resolution. A Fermi-Dirac distribution and a Shirley background were included in this analysis.
An example fit to both I+x and I
 
x are shown in Supplemental Fig. S3(d) for the EDC labeled k7. From the ratio of
the areas of the fitted components and the relevant Sherman function of S = 0.2, these fits yield spin polarizations of
+73% and  72% for the hSxi component of the upper (↵) and lower ( ) branches of the TSS respectively.
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FIG. S3. (a) ARPES Fermi surface over the region of the Fermi-level TSSs (left) and dispersions measured along the orange
and green lines (right). Orange and green dots on the Fermi surface and lines in the measured dispersions indicate the positions
of spin-EDCs numbered k1 though k8 shown in (b) and (c). A negative sign indicates that the measurement was performed at
an equivalent time-reversal momentum point. The measured spin component is indicated in the figure. (d) An example fit to
the raw data at point k7, enabling a quantitative extraction of the relevant spin polarisation as discussed in the text.
5For the spin-resolved constant energy slices (Fig. 2 and Supplemental Fig. S4), spin polarisations are determined
according to Eqn. 2, where I±i is corrected by a relative e ciency calibration as determined from spin-resolved
constant energy slices performed at E   EF=-8.45 eV where there is only di↵use unpolarised background intensity.
The spin-resolved constant energy slices are then plotted using a two-dimensional colour map to show both the
polarisation Pi and the total intensity Itoti , as shown in the accompanying colour bars. The in-plane vector schematics
shown in Fig. 2(d) and in the middle row of Supplemental Fig. S4 are determined directly from these plots. Arrows
are at k-vectors corresponding to the positions of bands from spin-integrated ARPES and are calculated using
Itotx
q
P 2x + P
2
y (4)
for their magnitudes, and
tan 1
Py
Px
or ⇡ + tan 1
Py
Px
(5)
for their directions, for positive and negative signs of Px respectively.
Supplemental Fig. S4 shows additional spin-resolved (top) and ARPES (bottom) constant energy contours measured
at finite binding energy. These indicate how, like for the ↵0 bands, the   band also opens into seemingly open and
disconnected constant energy contours below EF as the surface states loose spectral weight when they become surface
resonances. They also reveal an increased radial component of the spin texture as well as an enhanced out-of-plane
spin canting of the   band developing below EF .
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FIG. S4. Three-component spin-resolved constant energy contours (top row) at (a) E   EF = 0, (b)  80 and (c)  180 meV.
ARPES constant energy contours are also shown with (middle row) and without (bottom row) the vector schematic showing
the in-plane spin-texture determined from the spin-resolved measurements.
6Determining Hc2 from magnetic field dependent STM measurements
Hc2 is determined from the magnetic field-dependence of the sample superconducting gap (Supplemental Fig. S5(a),
as determined from BCS-Dynes model fits to spectra measured using a superconducting tip (Supplemental Fig. S5(b)).
The magnetic field-dependent gap was fit according to
 (H) =  (0)
⇣
1 
⇣ H
Hc
⌘2⌘
, (6)
where  (H) and  (0) are the gap sizes in a magnetic field applied normal to the sample surface, H, and in zero
field, respectively. The superconducting tip gap was assumed to be constant at 240µV . This analysis results in Hc2
of 18±5 mT, as shown in Supplemental Fig. S5(c). All applied field values are stated after calibration using a in situ
Hall probe. The error is approximately ±2 mT.
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FIG. S5. (a) Magnetic field dependence of the superconducting gap as probed by a superconducting tip. Each trace is normalised
to conductance at 0.8 mV. (b) An example BCS-Dynes fit to the zero field superconducting gap spectrum, normalised to
conductance at 0.6 mV. (c) Extracted superconducting gap ( SC) from Dynes fits as a function of applied field, H.
